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Abstract
Analysis of crude oil composition provides important information that impacts on the 
recovery, handling, and transportation of hydrocarbons. Crude characterization also 
provides data in the analysis of geochemistry of the source of origin. Crude oil char-
acterization by optical methods is usually difficult because of its dark color; however, 
those characterizations are crucial because they give information that can affect some 
analysis procedures. Ultraviolet-visible (UV-vis) spectroscopy is a simple and practical 
technique that allows the characterization of crude oil through dilution in solvents. A 
comparative study of crude oil solutions contrasted with their asphaltene fractions was 
performed. Each solution was analyzed in triplicate, on a UV-vis spectrophotometer. 
Calibration curves for both raw solutions showed no significant variations, indicating 
stability. Additionally, the results of dispersion and migration phenomena indicated sta-
bility only for crude oil solutions. The aggregate size dispersion was different for each 
type of crude and varied with respect to time. Scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM) showed the type of morphology present for 
each type of asphaltene.
Keywords: heavy oil, asphaltenes, UV-vis spectroscopy, aggregation, dynamic light 
scattering, SEM, TEM
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1. Introduction
1.1. General aspects of crude oil
The name crude oil is used for naturally occurring and unprocessed petroleum. Crude oils are 
mixtures of many componentes, hydrocarbons (mostly alkanes, cycloalkanes, and aromatics) 
and other organic compounds containing nitrogen, oxygen, sulfur, and traces of metals [1].
Traditionally, these compounds are classified in several complex groups. The most popular 
is the method of separation into four groups: saturates, aromatics, resins, and asphaltenes 
(SARA) [2].
In refineries, one of the main criteria for control process is the content of asphaltene. Table 1 
shows the composition differences normally found in conventional oils, heavy oils, and 
residues.
1.2. Importance of the characterization of crude oil and asphaltenes
Asphaltenes are petroleum hydrocarbons with extremely complex molecular structure con-
taining sulfur (0.3–10.3%), oxygen (0.3–4.8%), nitrogen (0.6–3.3%), and metal elements such as 
Fe, Ni, and V in small quantities [4, 5].
The association of metal porphyrins with asphaltenes is probably the reason behind the 
great difficulty in extracting or separating metal porphyrins from oil or waste oil. Metal 
porphyrins entrapment by asphaltenes was predicted long ago when the presence of free 
radicals in asphaltenes was discussed [6]. The porphyrins carry nickel and vanadium in the 
same proportions as established in the depositional environment. During generation and 
migration, these porphyrin structures are incorporated into the crude oil and carried along 
to the reservoir, preserving this information about the proportions of nickel and vanadium 
in the source rock. The nickel and vanadium content are also important in establishing a 
value for the oil. Nickel and vanadium will poison catalysts during the refining process. As 
such, high concentrations of nickel and vanadium in crude oil will reduce the market value 
of the oil [7].
On the other hand, the aromatic moiety, through π-π* and dipole interactions, was thought to be 
one of the dominant contributors to asphaltenes self-association. Hence, proper characterization 
Sample Typical composition range (wt%)
Asphaltene Resin Oil fraction1
Conventional oil <0.1–12 3–22 67–97
Heavy oil 11–45 14–39 24–64
Residue 11–29 29–39 <39
1Correspondent to the fraction composed of saturate and aromatic.
Table 1. Composition for conventional oil, heavy oil and residue (Adapted from Speight Ref. [3]).
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of the asphaltene molecular structure and its aromaticity is fundamental in understanding the 
self-association phenomenon [8].
The compositional analysis of crude oils provides important information that impacts petro-
leum exploitation at every step along the value chain, from exploration through production, 
transportation, and refining. In upstream operations, geochemical inversion of crude oil to 
the provenance of petroleum is invaluable in petroleum system analysis, especially where 
source-bed information may be difficult or impossible to obtain during exploration. In reser-
voir management, crude oil composition is essential for fluid correlation and the construction 
of functional, effective static reservoir models [9].
Heavy oils usually display a greater content of asphaltenes and resins than conventional oils, 
which directly impacts recovery, transport and refining processes. Colloidal properties of 
asphaltenes and resins have been the subject of intense debate in the literature [10].
In refineries, some issues include the reduction of the overall rates of hydrotreating reactions, 
deactivation of catalysts form surface deposition, and increased coke formation (asphaltenes 
are a coke precursor). In general, asphaltene precipitation limits the ultimate level of con-
version. From this operational definition, asphaltenes are anticipated as a group of complex 
compounds, which are highly polydispersed and cannot be absolutely prescribed by some 
simple physicochemical parameters. There are fewer large aggregates and narrower distribu-
tions once asphaltenes are in infinitely diluted systems of higher temperatures and better sol-
vents; however, they still exhibit a real polydispersity. The average molecular weight (MW) is 
not necessarily a good parameter to characterize asphaltenes, simply because asphaltenes are 
defined through their solubility in aliphatic hydrocarbons [11]. Asphaltenes, usually derived 
either from coal or from petroleum vacuum distillation residues, are wide spread, and a class of 
compounds that are by their solubility, insoluble in n-heptane, and soluble in toluene [12, 13].
1.3. Types of characterizations for crude oil and asphaltenes
Depending on the origin of the crude oil from which they are precipitated, asphaltenes can 
exhibit wide differences in composition and structure. The amount and length of the alkyl 
side chains as well as the number of aromatic rings may change in such a way that the varia-
tions of molecular weight and aromaticity factor of asphaltenes are notorious [14].
Crude oil is a complex mixture of compounds difficult to characterize using optical methods 
because of its dark color. Ultraviolet-visible (UV-vis) spectroscopy is simple, practical, and 
inexpensive. It allows the characterization of crude oil through dilution in solvents like cyclo-
hexane. Recently, a study was conducted on the development of a spectroscopic method for 
the quantification of functional groups characteristic of asphaltenes, making direct quantifica-
tion from oil a simple and practical method [15]. The strongest absorption of metal porphyrin 
occurs in the vicinity of 425 nm and is called Soret band [16]. In addition to the well-defined 
amounts of energy to increase its vibrational and rotational moiety, a molecule can also 
absorb some energy to increase the excitation of its electrons. The energy changes involved 
are considerably greater than those involved in vibrational and rotational energy changes and 
correspond to radiation in the ultraviolet (200–400 nm) and visible (400–750 nm) regions [17].
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Other research about combustion characterization and kinetics of four different origin crude 
oil samples was determined using thermogravimetry-differential thermal analysis (TGA-
DTA) and thermogravimetry-Fourier transform infrared (TGA-FTIR) and thermogravimetry-
mass spectrophotometry (TGA-MS) techniques [18].
Four crude oil samples from the oil fields Intisar A, Intisar D, and Intisar E (Sirte Basin, Libya) 
were investigated in order to define depositional environment, lithology, thermal maturity, 
and geologic age of the corresponding source rocks. Saturated biomarkers (n-alkanes, isopren-
oids, steranes, and triterpanes) were determined using gas chromatography-mass spectrom-
etry (GC-MS) and gas chromatography-mass spectrometry-mass spectrometry (GC-MS-MS). 
Aromatic hydrocarbons (phenanthrene, methylphenanthrenes, methyl dibenzothiophenes, 
and trimethyl naphtalenes) were analyzed by GC-MS [19].
***A large amount of research is currently oriented to the study of asphaltene aggregation in 
different solvents [20]. The aggregation of asphaltene solutions in toluene was investigated. 
The particle diameter grows with increasing concentrations of asphaltene, and the increase 
rate varies with asphaltene concentration. This trend proves the presence of interactions that 
promote the formation of aggregates. With increasing concentration of asphaltene the forma-
tion of small particles is no longer dominant since, at higher concentrations, strong attractive 
interactions from small particles may cause the formation of larger particles [21].
Most research has been focused on native asphaltenes. Some researchers determined the 
molecular weight, density, and solubility parameter distributions of asphaltenes from thermo 
and hydrocracked oils [22]. Other researchers precipitated asphaltene fractions from heavy 
oil using a series of solvents that are similar from the thermodynamic viewpoint but are dis-
criminated by their solubility parameters [2].
Asphaltene aggregation is usually discussed by means of the appearance of flocculation, which 
is regulated by thermodynamics of phase transition and can be observed by optic and spec-
troscopic techniques. However, growth and precipitation of aggregates not only depend on 
thermodynamic parameters (e.g., concentration and temperature) but also kinetic factors [23].
Recently, a study was conducted on the development of a spectroscopic method for the quan-
tification of functional groups characteristic of asphaltenes, making direct quantification from 
oil a direct and practical method [24]. Nondiluted light and heavy crude oils and their blends 
were studied with additives of pyrolysis oil and Kemelix, both acting as asphaltene disper-
sants [25].
The classic form used to study the composition of an extremely complex mixture such as oil 
is to separate it into discrete simple fractions that can be analyzed, but the main objective of 
this work was to develop a spectroscopic method for the quantification of functional groups 
characteristic of asphaltenes, making a direct and practical method for quantification from 
oil. This investigation was conducted as a comparative study of two heavy crude oil solutions 
(HC1 and HC2) and asphaltene precipitated (AHC1 and AHC2) using UV-vis spectroscopy 
and dynamic light scattering (DLS). Particle size of the aggregates was performed by scanning 
electron microscopy (SEM) and high-resolution transmission electron microscopy (TEM).
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2. Methodology
2.1. Materials
Cyclohexane with 99.9% of purify supplied by Tedia, analytical balance, OHAUS Adventurer 
Pro, AV264C model and UV-vis Spectrophotometer, model GBC Cintral 303 were used for 
the quantification of characteristic functional asphaltene groups in crude oil. A dynamic light 
scattering (DLS) Zetasizer Nano Malvern for determining the particle size and Heavy Fuel 
Formulation Classic Turbiscan and software Turbisoft Classic for analyzing crude oil migra-
tion phenomena were used.
Table 2 shows SARA fraction of HC1 and HC2 heavy crudes determined by ASTM-D2007-98 
with 18°API density, which was used in this work.
2.2. Extraction of asphaltene from heavy crude oils
Asphaltenes were precipitated by ASTM D2007-80 standard method (American Society for 
Testing and Materials [ASTM], 1983).
2.3. UV-visible spectroscopy analysis of the crude-solvent solutions
Beginning with a standard 100 mg L−1 solution of crude in cyclohexane, dilutions of 10–100 mg L−1 
were prepared. Successively and in triplicate, each dilution was analyzed on a UV-vis spec-
trophometer to obtain the different absorbance (A) signals vs wavelength (λ), in the range of 
200–450 nm. The information was graphed to obtain an absorbance vs concentration curve, the 
equation of a straight line and the value of the coefficient of determination (R2). For each con-
centration, the highest absorbance peak was sought, which was important for the calibration 
curves.
2.4. UV-visible spectroscopy analysis of the asphaltenes-solvent solutions
Based on a standard solution of 100 mg L−1 asphaltenes in cyclohexane, solutions 10–100 mg L−1 
were prepared. Successively and in triplicate, each solution was analyzed on a UV-vis spec-
trophotometer for the different absorbance signals (A) versus wavelength (λ), in the range of 
200–600 nm. The obtained data were plotted to graph a curve to show variations of absorbance 
SARA fraction HC1 HC2
Saturated 21.66 23.69
Aromatic 30.57 38.74
Resins 24.35 14.06
Asphaltenes 23.41 23.51
Table 2. SARA fraction in weight % of the analyzed crude oils.
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versus concentration. The equation of a line was determined, and the coefficient of determina-
tion (R2) was established. For each concentration, the highest absorbance peak was sought, 
which was important for the calibration curves.
2.5. Dynamic light scattering analysis (DLS) of crude oils and precipitated asphaltenes 
solutions
DLS analysis was conducted to determine the state of aggregation and stability of crude oil 
and asphaltenes in cyclohexane from a standard solution of 100 mg L−1, performing triplicate 
measurements. For both solutions, ultrasonic vibration was applied for 20 min.
2.6. Crude oils migration phenomena analysis
Migration phenomena in crude oil were determined by measuring the variation of the trans-
mittance versus the height of the signal for each sample. These measurements were carried 
out as a function of time, as the mechanism of this instrument is to take readings of transmit-
ted and backscattered light at a maximum sample height of 80 mm. This scan can be repeated 
with a programmable frequency to obtain a macroscopic fingerprint of the sample. It was a 
2-h analysis (12 scans at intervals of 5 min) and then, 1 min each 24 h for a period of 30 days. 
Experiments were performed at room temperature (~25°C).
2.7. Scanning electron microscopy and energy dispersive X-ray spectroscopy
Microstructure and surface elemental characterization of asphaltenes were performed 
through scanning electron microscopy (SEM) by using a JEOL JSM 6390-LV. Samples were 
dispersed and adhered to a double-sided graphite tape placed over a brass sample holder.
2.8. High-resolution transmission electron microscopy
The shape and size of asphaltene nanoparticles were examined through high-resolution trans-
mission electron microscopy (HTEM) by using a JEOL JEM-2200FS equipment. Asphaltenes 
suspensions in ethanol were prepared by applying 5 min of ultrasonication, and one drop of 
each solution was placed on the grid and left to dry for 10 min with an incandescent light lamp.
3. Results and discussion
3.1. UV-vis spectroscopy analysis of crude-solvent and asphaltene-solvent solutions
By using UV-vis spectroscopy, the analyses of crude-solvent and asphaltene-solvent solu-
tions were possible. Calibration curves were constructed for both solutions. In approximately 
120 min of UV-vis spectroscopy analysis, no significant changes were detected.
Figures 1 and 2 show the wavelength versus absorbance plot for crude-solvent solutions in 
cyclohexane, varying their concentration from 10 to 70 mg L−1 for HC1 and HC2 oils. In the oper-
ating UV-vis region of the test, three signals were observed and identified: at  approximately 
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Figure 1. UV spectrum for HCl oil solutions, at different concentrations (decreasing order from 70 to 10 mg L-1).
Figure 2. UV spectrum for HC2 oil solutions, at different concentrations (decreasing order from 100 to 10 mg L-1).
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230 nm, the signal corresponding to benzenic compounds; at 260 nm, the one of naphthenic 
compounds; and at 410 nm, the Soret band, showing information of metal porphyrin com-
pounds [26–30] for HC1 oil and only the first two for HC2 oil. It was noticed that, as the oil con-
centration in the solutions decreased, the intensity of the three signals did the same, as effect 
of concentration for both crudes. Nevertheless, maximum absorbance signals could not be 
detected neither above 70 mg L−1 concentrations for HC1 oil due to noise nor below 10 mg L−1 
because of the low concentration of HC1 oil, which precludes the detection of species by this 
technique [26].
Due to a smaller amount of resins in the HC2 oil composition, it was possible to display sig-
nals from 100 mg L−1. For HC2 oil solutions above the concentration of 100 mg L−1, it was not 
possible to detect signals due to the presence of noise. Below the concentration of 10 mg L−1, 
no signs were present.
Figures 3 and 4 show the absorbance versus concentration graph for asphaltene solutions 
(AHC1 and AHC2), varying the concentration from 10 to 100 mg L−1.
For AHC1 (Figure 3), three signals were detected: the one attributed to benzenic compounds 
at 235 nm, naphtenic compounds at 262 nm, and the Soret band at 410 nm, which corre-
sponds to metal porphyrins present in asphaltene solutions [26, 30, 31]. For AHC2 solutions 
(Figure 4), only the two signals were detected at 235 and 262 nm. With this information, 
calibration curves for each compound and their respective linear equations were calculated.
Figure 3. UV spectrum for AHC1 solutions, at different concentrations (decreasing order from 100 to 10 mg L-1).
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For concentrations under 50 mg L−1 of AHC1 solutions, no Soret band was found, and simi-
larly, no signals were detected for samples prepared at concentrations below 10 mg L−1, due 
to the low concentration of asphaltenes; therefore, it was not possible to detect species by 
this method. As mentioned earlier, signal detection was impossible for HC1 oil solutions at 
concentrations exceeding 70 mg L−1; however, for asphaltene solutions, the three signals were 
found, even above those concentrations. This phenomenon is attributed to the fact that crude 
is a complex mixture of various compounds including saturates, asphaltenes, resins, and aro-
matics, and as the saturation of a crude solution increases, noise becomes more evident in the 
spectrum, hindering the signal recognition. It was also observed that the amplitude of the 
maximum absorbance signals for crude solutions was more intense compared to absorbance 
maximum for asphaltene solutions. That is to say, higher absorbance maximum was observed 
when working with whole crude, because of the overlapping of individual absorbances, cor-
responding to many of the different components of crude. That complex composition includes 
the saturate fraction, which is nonpolar and is composed of linear alkanes, branched alkanes, 
and cycloalkanes [30]. The saturates tend to absorb strongly in the deep UV region, with 
high-frequency electronic transitions, as their electrons are tightly bound and require more 
incident energy to be excited. Meanwhile, aromatic hydrocarbons form structures of one or 
more rings, where multiring structures are often referred to as polycyclic aromatic hydro-
carbons. Similar to saturates, a redshift is noted as complexity increases, and more rings are 
Figure 4. UV spectrum for AHC2 solutions, at different concentrations (decreasing order from 100 to 20 mg L-1).
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added to the molecule [32, 33]. Bathochromic shift exists in signals of benzenic and naphtenic 
compounds for both asphaltene solutions at longer wavelengths because of more interactions 
between asphaltenes caused by the absence of resins.
It was possible to obtain signals at the concentration of 100 mg L−1 for AHC2 solutions. For 
concentrations below 20 mg L−1, it was not possible to detect signals.
Figure 5(a) and (b) show the calibration curves of HC1 and HC2 oil solutions, respectively. 
Coefficient values for each compound are presented, since little dispersion of data was found. 
The HC1 oil solutions at concentration of 40 mg L−1 and HC2 oil solutions at concentration of 
60 mg L−1 appear to be slightly deviated, which can be attributed to the presence of aromatics 
that favor aggregation in crude.
Figure 6(a) and (b) show the calibration curves of asphaltene solutions for HC1 and HC2, 
respectively. Coefficient values for each compound are presented. No dispersion of data was 
found.
3.2. Study of aggregate dispersion in crude and asphaltene solutions
DLS analysis was carried out in order to evaluate the average size of crude and asphaltene 
solutions in cyclohexane over time. Figure 7(a) shows the behavior of average size particles 
(Z
AV
) over time (t) for HC1 oil solutions in cyclohexane at 100 mg L−1. Z
AV
 was plotted from 
t = 0 min, when the particle size was 51.16 nm, to t = 100 min, when the average aggregate size 
showed an increase to 72.27 nm. In general, this behavior corroborates the instability of the 
unfractionated HC1 oil, although that its components coexist in equilibrium, which permits 
to perform analyses with good and reproducible results. Recently, a study was conducted to 
evaluate the aggregation state of Mexican crude oil solutions from two different sources and 
SARA compositions, by using dynamic light scattering (DLS) [34].
Figure 7(b) shows Z
AV
 (nm) behavior of HC2 oil solutions versus time. During the first 40 
min, there was a Z
AV
 increase from 173.16 to 542 nm. After 40 min, Z
AV
 stabilized in the range 
Figure 5. Calibration curves for benzenic, naphthenic and petroporphyrinic compounds in heavy crude oil solutions. 
(a) HC1 and (b) HC2.
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of 563–624 nm. Molecules of the asphaltene fraction are dispersed in crude oil as stabilized 
colloids, and they can form aggregates by steric effect according to their sizes, polar charac-
teristics, and solvent polarity [35].
The solutions of HC2 oil showed bigger size of aggregates in comparison with the solutions of 
HC1 oil, due to a smaller amount of resins present in the HC2 oil as confirmed by SEM. Banda 
et al. [34] studied different crude oil concentrations by using DLS. Results indicate that the 
aggregation state of the studied solutions is influenced by crude oil composition, specifically by 
the amount of resins. The resins are less soluble in n-alkanes than in cyclohexane and therefore 
are more likely to interact with asphaltenes to keep them in the form of small aggregates [5].
In the case of asphaltene solutions for both oils, the average aggregate size changed so rapidly 
that it was impossible to determine it. The aggregate size instability of asphaltenic solutions is 
a result of the absence of resins, which are known to favor stability [1, 37]. Therefore, the aver-
age aggregate size was no longer uniform, and unlike the behavior observed in unfractionated 
crude oil, the values corresponding to asphaltene solutions did not fit any tendency [1, 25–38].
Figure 6. Calibration curves for benzenic, naphthenic and petroporphyrinic compounds in asphaltene solutions. 
(a) AHC1 and (b) AHC2.
Figure 7. The average aggregate size (Z
AV
) over time for (a) HC1 and (b) HC2 oil solutions.
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3.3. Scanning electron microscopy (SEM)
Figure 8(a) and (b) shows a SEM micrograph of AHC1 asphaltenes. In the figures, a slightly 
porous surface can be observed. It is possible to appreciate agglomerates of various shapes 
and sizes. The larger agglomerates correspond to asphaltenes. At the top of the Figure 8(a), 
large agglomerate of asphaltene is presented with lamellar morphology. On the surface, 
smaller agglomerates with smooth surface that correspond to resins can be noted.
Figure 8(c) and (d) shows a SEM micrograph of AHC2 asphaltenes, where a surface with 
lower precipitation degree is presented. SEM micrographs show stacked sheets of asphaltenes 
over the surface.
Two types of asphaltenes extracted from crude oil of different sources and SARA compo-
sitions were studied, by using SEM and HTEM. Significant differences in morphology and 
aggregate size for each type of asphaltene were noted. Results from these techniques reveal 
particulated low-porosity smooth surfaces due to the presence of resin, as well as the deter-
mination of the characteristic elements found in asphaltenes [34].
3.4. High-resolution transmission electron microscopy (HTEM)
Figure 9(a) and (b) shows AHC1 crude oil asphaltenes HTEM micrographs. The presence of 
asphaltene aggregates is constituted by nanometric particles. The presence of agglomerates of 
various sizes and shapes is found. Differences in image contrast are probably because of mate-
Figure 8. Morphology of (a and b) AHC1 and (c and d) AHC2 crude oil asphaltenes.
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rial superposition for both images [39]. Figure 9(a) shows the grid of Cu/C with the sample. 
Agglomerates of approximately 1000 nm in size are presented. At the top of Figure 9(b), lay-
ered structures are presented. In the center of micrograph, agglomerates with regular edges 
and approximately 500 nm sizes are found. At the bottom of the figure, there are agglomerates 
greater than 100 nm size.
Figure 9(c) and (d) shows AHC2 crude oil asphaltenes HTEM micrographs. Figure 9(c) proves 
the existence of crystalline zones in AHC2 asphaltene particles. Reticular stripes appear 
at the bottom of the image, indicating the nanocrystalline limits of the stacked layers [13]. 
Figure 9(d) shows the aggregates are constituted by nanometric particles. The presence of 
lamellar morphology is observed. There are stacked sheets at the top of the image, and there 
are agglomerates of approximately 200 nm. In the center of the micrograph, agglomerates 
are observed with a lamellar morphology and approximately 300 nm size. HTEM indicated 
the presence of asphaltene aggregates constituted by nanometric particles and asphaltene 
stacking as well as ultrafine nanocrystalline-oriented structures. Dark zone at the bottom of 
micrograph shows asphaltene stacking. The jagged surfaces along the edge of the structure 
correspond to nanocrystal-oriented structures.
Figure 9. Morphology of AHC1 (a and b) and AHC2 (c and d) crude oil asphaltenes.
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3.3. Analysis of migration phenomenon in heavy crude oil
Furthermore, in Figure 10, the graph of percent transmittance versus cell length for stability 
assessment and crude oils separate fronts of this study is presented. Generally and conclu-
sively, both crude oils were very stable. There was no change of percent transmittance (>8%) 
within 30 days of analysis. No phenomena of measurable migration (separation, flocculation, 
coalescence, or sedimentation) were observed [36, 40]. To confirm the results yielded by the 
Turbiscan instrument, the migration speed of the agglomerates of HC1 was determined to be 
3.69 × 10−6 mm min−1 and for HC2 of 8.683 × 10−7 mm min−1 (Table 3).
Low values of migration velocity and high sample stability were observed in Figure 10, which 
allow us to establish that the oils are stable over a wide range of time (there is no separation of 
components, mainly resins and asphaltenes). Studies conducted by the working group have 
shown that the rates of sedimentation of asphaltenes of various Mexican crudes in toluene 
and n-heptane are of the order of 5.94 × 10−2 mm min−1. These studies showed monodispersion 
and stability, because the asphaltenes tend to form large aggregates quickly, which facilitates 
precipitation [27].
Recently, a study of migration rate in a period of 30 days of two crudes from different sources 
and SARA composition. For both crude oils are very stable and did not show changes in the 
percentage of transmittance during the 30 days of analysis [15].
Figure 10. Curve of percent transmittance versus cell length (mm). Stability analysis of HC1 and HC2 oils obtained from 
the Turbisoft and Migration softwares of Classic Turbiscan software.
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4. Conclusions
UV-vis spectroscopy is an important tool that can be used to characterize crude oil solutions 
and their asphaltenes fractions. Characteristic signals of benzenic, naphthenic, and Soret 
compounds, which correspond to petroporphyrins, were identified in solutions of crude oil 
and extracted asphaltenes, using UV-vis spectroscopy. Bathochromic shift exists in signals 
of benzenic and naphtenic compounds for both asphaltene solutions at longer wavelengths 
because of more interactions between asphaltenes caused by the absence of resins. It was also 
observed that the amplitude of the maximum absorbance signals for crude solutions was 
more intense compared to absorbance maximum for asphaltene solutions. Higher absorbance 
maximum were observed for whole crude, because of the overlapping of individual absor-
bances, corresponding to many of the different components of crude. Stability in solutions 
was also established under test conditions using UV-vis spectroscopy.
DLS analysis indicated a slight increase in aggregate particle size during the first 100 min for 
solutions of HC1 oil. For HC2 solutions, Z
AV
 values were unstable during the first 80 min. The 
amount of resins present in each crude affects the aggregate size and the stability of the solu-
tions with respect to time. Z
AV
 of asphaltene solutions changes rapidly due to the absence of 
resins for both crudes.
SEM showed a lamellar morphology in both asphaltenes. A greater quantity of resins was 
observed on the surface of AHC1. It was possible to observe differences in the morphology of 
the resins for AHC1 and AHC2. HTEM indicated the presence of asphaltene aggregates con-
stituted by nanometric particles and asphaltene stacking as well as ultrafine nanocrystalline-
oriented structures in AHC1 and AHC2.
A migration study was carried out for 30 days, indicating stability of asphaltenes in both 
crudes, backing up the results obtained in all the undertaken characterizations.
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Sample Oil Migration velocity, mm min−1
1 HC1 3.69 × 10−6
2 HC2 8.68 × 10−7
Table 3. Migration velocity values of HC1 and HC2 oils.
Characterization of Crude Oils and the Precipitated Asphaltenes Fraction using UV...
http://dx.doi.org/10.5772/intechopen.70108
131
Author details
Ernestina Elizabeth Banda Cruz, Nohra Violeta Gallardo Rivas*, Ulises Páramo García,  
Ana Maria Mendoza Martinez and José Aarón Melo Banda
*Address all correspondence to: nohvigari@itcm.edu.mx
Centro de Investigación en Petroquímica, División de Estudios de Posgrado e Investigación, 
Instituto Tecnológico de Cd. Madero, Prol. Bahía de Aldhair y Av. De las Bahías, Parque de 
la Pequeña y Mediana Industria, Altamira, Tamaulipas, México
References
[1] Langevin D, Argillier JF. Interfacial behavior of asphaltnes. Advances in Colloid and 
Interface Science. 2016;233:83-93. DOI: 10.1016/j.cis.2015.10.005
[2] Ilyin S, Arinina M, Polyakova M, Bondarenko G, Konstantinov I, Kulichikhin V, Malkin 
A. Asphaltenes in heavy crude oil: Designation, precipitation, solutions, and effects 
on viscosity. Journal of Petroleum Science and Engineering. 2016;147:211-217. DOI: 
10.1016/j.petrol.2016.06.020
[3] Santos R, Loh W, Bannwart A and Trevisan O. An Overwiew of heavy oil properties 
and its recovery and tranportation methods. Brazilian Journal of Chemical Engineering. 
2014;31:571-590. dx.doi.org/10.1590/0104-6632.20140313s00001853
[4] Nezhad ER, Heidarizadeh F, Sajjadifar S, and Abbasi Z. Dispersing of petroleum 
asphaltenes by acidic ionic liquid and determination by UV-visible spectroscopy. 
Journal of Petroleum Science and Engineering. 2013;2013:203036
[5] Acevedo S, Castillo J, Fernández A, Goncalves S, and Ranaudo M. A study of multi-
layer adsorption of asphaltenes on glass surfaces by photothermal surface deformation. 
relation of this adsorption to aggregate formation in solution. Energy & Fuels. 1998; 
12:386-390
[6] Acevedo S, Guzman K, Labrador H, Carrier H, Bouyssiere B, and Lobinski R. Trapping 
of metallic porphyrins by asphaltene aggregates: A size exclusion microchromatogra-
phy with high-resolution inductively coupled plasma mass spectrometric detection 
study. Energy Fuels. 2012;26:4968-4977
[7] Dembicki H. Interpreting Crude Oil and Natural Gas Data. Practical Petroleum 
Geochemistry of Explaration and Production. 2017:135-188. DOI: 10.1016/B978-0-12- 
803350-0.00004-0
[8] Rezaee NE, Heidarizadeh F, Sajjadifar S, Abbasi Z. Dispersing of petroleum asphaltenes 
by acidic ionic liquid and determination by UV-visible spectroscopy. Journal of 
Petroleum Engineering. 2013;2013:1-5. DOI: 10.1155/2013/203036
Recent Insights in Petroleum Science and Engineering132
[9] Bissada K, Tan J, Szymczyk E, Darnell M, Mei M. Group-type characterization of crude 
oil and bitumen. Part I: Enhanced separation and quantification of saturates, aromat-
ics, resins and asphaltenes (SARA). Organic Geochemistry. 2016;95:22-28. DOI: 10.1016/j. 
orggeochem.2016.02.007
[10] Santos RG, Loh W, Bannwart AC and Trevisan OV. An overview of heavy oil prop-
erties and its recovery and transportation. Brazilian Journal of Chemical Engineering. 
2014;31:03:571-590. DOI: 10.1590/0104-6632.20140313s00001853
[11] Zewen L, Jing Z, Patrice C, Chupeng Y. Discussion on the structural features of asphal-
tene molecules. Energy & Fuels. 2009;23:6272-6274. DOI: 10.1021/ef901126m
[12] Goual L. Petroleum asphaltenes, crude oil emulsions-composition stability and charac-
terization. In: Abdul-Raouf M, El-Sayed, editors. InTech; 2012. DOI: 10.5772/35875. ISBN: 
978-953-51-0220-5
[13] Li K, Vasiliu M, McAlpin C, Yang Y, Dixon D, Batzle M, Liberatore M, Herring A. 
Further insights into the structure and chemistry of the Gilsonite asphaltene from a 
combined theoretical and experimental approach. Fuel. 2015;157:16-20. DOI: 10.1016/j.
fuel.2015.04.029
[14] Leyva C, Ancheyta J, Berrueco, Millán M. Chemical characterization of asphaltenes 
from various crude oils. Fuel Processing Technology. 2013;106:734-738. DOI: 10.1016/j.
fuproc.2012.10.009
[15] Banda EE, Padrón SI, Gallardo NV, Rivera JL, Páramo U, Díaz NP, Mendoza AM. 
Crude oil UV spectroscopy and light scattering characterization. Petroleum Science and 
Technology. 2016;34:732-738. DOI: 10.1080/10916466.2016.1161646
[16] Ze F, Yujia X, Fang H, Pingle L, He’an L. Catalytic oxidation of cyclohexane to KA oil 
by zinc oxide supported manganese 5, 10, 15, 20-tetrakis(4-nitrophenyl)porphyrin. 
Molecular Catalysis A: Chemical 2015;410:221-225. DOI: 10.1016/j.molcata.2015.09.027
[17] El-Bassoussi AA, El Sayed SM, El Anmed MH, Basta JS, and Attia ESK. Characterization 
of some local petroleum residues by spectroscopic techniques. Petroleum Science and 
Technology. 2010;28:430-444
[18] VersanKok MK, Varfolomeev MA, Nurgaliev DK. Crude oil characterization using 
TGA-DTA, TGA, FTIR and TGA-MS techniques. Journal of Petroleum Science and 
Engineering. 2017;154:534-542. DOI: 10.1016/j.petrol.2016.12.018
[19] Faraj MAM, Knudsen TŠ, Nytoft HP, Jovan B. Organic geochemistry of crude oils 
from the Intisar oil field (East Sirte Basin, Libya). Journal of Petroleum Science and 
Engineering. 2016;147:605-616. DOI: 10.1016/j.petrol.2016.09.030
[20] Caballero V, Castillo J, Ranaudo M, and Gutiérrez H. Estudio de la cinética de agregación 
de asfaltenos de crudos furrial y cerro negro mediante dispersión de luz. Revista de la 
Facultad de Ingeniería U.C.V (online). 2013;28(3):47-53
Characterization of Crude Oils and the Precipitated Asphaltenes Fraction using UV...
http://dx.doi.org/10.5772/intechopen.70108
133
[21] Xu J, and Liu H. The growth and development of asphaltene aggregates in toluene solu-
tion. Petroleum Science and Technology. 2015;155:33:23-24
[22] Powers DP, Sadeghi H, Yarranton HW, Berg FGA. Regular solution based approach to 
modeling asphaltene precipitation from native and reacted oils: Part 1, molecular weight, 
density, and solubility parameter distributions of asphaltenes. Fuel. 2016;178:218-233. 
DOI: 10.1016/j.fuel.2016.03.027
[23] Marczak W, Dafri D, Modaressi A, Zhou H and Rogalski H. Physical state and aging of 
flucculated asphaltenes. Energy Fuels. 2007;21:1256-1262
[24] Wargadalam V, Norinaga K, Lino M. Size and Shape of a coal asphaltene studied by 
viscosity an diffusion coefficient measurements. Fuel 2002;81:1403-1407. DOI: 10.1016/
S0016-2361(02)00055-8
[25] Goual L, Sedghi M, Wang X, Zhu Z. Asphaltene aggregation and impact of alkylphenols. 
Langmuir. 2014;30:5394-5403. DOI: 10.1021/la500615k
[26] Merola MC, Carotenuto C, Gargiulo V, Stanzione F, Ciajolo A, Minale M. Chemical – 
Physical analysis of rheologically different samples of a heavy crude oil. Fuel Processing 
Technology. 2016;148:236-247. DOI: 10.1016/j.fuproc.2016.03.001
[27] Banda EE, Padrón SI, Gallardo NV, Páramo U, Díaz NP, Melo JA. Physicochemical char-
acterization of heavy oil and the precipitated asphaltenes fraction using UV spectros-
copy and dynamic light scattering. Journal of Engineering Technology. 2017;6:49-58
[28] Groenzin H, Mullins OC. Molecular size and structure of asphaltenes from various 
sources. Energy & Fuel. 2000;14:677-684. DOI: 10.1021/ef990225z
[29] Mogollón R, Rodríguez W, Larrota C, Ortiz C, Torres R. Fraccionamiento y Desmetal-
ización Biocatalítica de asfaltenos de crudo castilla. Ciencia, Tecnología y Futuro. 2002;1: 
109-221. ISSN 0122-5383
[30] Adebiyi FM, Thoss V. Organic and elemental elucidation of asphaltene fraction of 
Nigerian crude oils. Fuel. 2014;118:426-431. DOI: 10.1016/j.fuel.2013.10.044
[31] Spiecker PM, Gawrys KL, Trail CB, Kilpatrick PK. Effects of petroleum resins on 
asphaltene aggregation and water-in-oil emulsion formation. Colloids and Surfaces 
A: Physicochemical and Engineering Aspects. 2003;220:9-27. DOI: 10.1016/S0927-7757 
(03)00079-7
[32] Sakthivel S, Gardas RL, Sangwai JS. Spectroscopic investigations to understand the 
enhanced dissolution of heavy crude oil in the presence of lactam, alkyl ammonium and 
hydroxyl ammonium based ionic liquids. Journal of Molecular Liquids. 2016;221:323-
332. DOI: 10.1016/j.molliq.2016.05.062
[33] Ovalles C, Rechsteiner Jr CE. Analytical Methods in Petroleum Upstream Applications. 
Florida: CRC Taylor & Francis; 2015. pp. 207-208. ISBN: 9781482230864
[34] Banda EE, Rivas NV, Páramo U, Estrada IA, Pozas D, Reyes J. Crude oil aggrega-
tion by microscopy and dynamic light scattering. Petroleum Science and Technology. 
2016;34:1812-1917. DOI: 10.1080/10916466.2016.1230754
Recent Insights in Petroleum Science and Engineering134
[35] Acevedo S, Castro A, Negrin J, Fernandez A, Escobar G, Piscitelli V. Relations between 
asphaltene structures and their physical and chemical propesties: The Rosary-type 
structure. Energy & Fuels. 2007;21:2165-2175
[36] Pereira JC, Delgado J, Briones A, Guevara M, Scorzz C, Salage L. The effect of solvent 
nature and dispersant performance on asphaltene precipitation from diluted  solutions 
of instable crude oil. Petroleum Science and Technology. 2011;29:2432-2440. DOI: 10. 
1080/10916461003735061
[37] Murillo HJ, Garcia CI, Dominguez J, Lopez RC, Duran V, Aburto J. Aggregation behav-
ior of heavy crude oil-ionic liquids solutions by fluorescence spectroscopy. Energy Fuel. 
2009;23:4584-4592. DOI: 10.1021/ef 9004175
[38] Akbarzadeh K, Hammami A, Kharrat A, Zhang D, Allenson S, Creek J, Mullins, OC. 
Asphaltenes—problematic but rich in potential. Oilfield Review. 2007;19:22-43
[39] Salmón SV, Herrera RU, Valdez MA, Lira CG. Efffect of the concentration of ionic sur-
factants on the electrokinetic behavior of asphaltene precipitated from a maya mexican 
crude oil. Revista Mexicana de Ingeniería Química. 2010;9(3):343-357
[40] Andrews AB, Guerra RE, Mullins OC, Sen PN. Diffusivity of asphaltene molecules by 
fluorescence correlation spectroscopy. Journal of Physical Chemistry A 2006;110:8093-
8097. DOI: 10.1021/jp062099n
Characterization of Crude Oils and the Precipitated Asphaltenes Fraction using UV...
http://dx.doi.org/10.5772/intechopen.70108
135

